Background: It is generally recommended that pleural fluid samples from pleural effusions of unknown cause be cultured for bacteria, mycobacteria, and fungi. However, the utility of this practice has been not been adequately assessed. Design: Retrospective review. 
A nalysis of pleural fluid obtained via thoracentesis is a valuable procedure in determining the cause of pleural effusions. The most common causes of pleural effusions include congestive heart failure (CHF), malignancy, and infection. It is generally recommended that microbiologic cultures and smears be performed on pleural fluid obtained by thoracentesis. [1] [2] [3] [4] Although the yield of pleural fluid cultures in specific pleuropulmonary infections has been studied, very little information exists on the overall yield of these pleural fluid cultures performed at the time of diagnostic thoracenteses. Our aim was to assess the frequency of positive results from pleural fluid cultures and to identify factors associated with these positive results.
Materials and Methods
A computer-assisted search of medical records was performed to identify all subjects listed as having undergone thoracentesis. In addition, a search was performed through the Laboratory Medicine computer database in identifying those subjects whose body fluid was assayed for protein or lactate dehydrogenase (LDH [normal serum value, 122 to 222 U/L]), two common tests performed on pleural fluid specimens. We identified 538 subjects undergoing their initial diagnostic or combined diagnostic and therapeutic thoracentesis at Mayo Medical Center over a 12-month period from July 1, 2001 , to June 30, 2002. Thirteen patients who did not consent for their records to be reviewed were excluded from the analysis. The medical records from the remaining 525 patients were examined to ensure the diagnostic nature of the thoracentesis procedure. The following clinical data were abstracted: age, sex, clinical findings, laboratory test results, radiologic findings, final diagnosis, treatment, and outcome. We specifically identified those patients that had received antibiotics at any time within the 7 days prior to their thoracentesis. A pleural effusion was considered "loculated" if any imaging study (radiograph, CT, or ultrasound) clearly demonstrated septations or illustrated that the effusion was not free flowing. Fever was defined as any body temperature Ն 38.5°C that was documented in the medical record within 24 h of the time the thoracentesis was performed.
Microbiologic samples were collected and processed according to well-established, published guidelines. 5 Microbiologic cultures and smears from pleural fluid from each patient were recorded along with respective results. We analyzed pleural fluid data pertaining only to the initial diagnostic thoracentesis and excluded those related to repeat procedures. Isolates were considered contaminants if they are typically not associated with empyema (ie, coagulase-negative staphylococcus) and/or recovered from patients with no clinical evidence of infection or with alternative diagnoses that explained their illness. The underlying cause of the pleural effusion was based on the clinician's diagnosis documented in the medical records, unless there was strong evidence suggesting another diagnosis.
Data are summarized using median, range for continuous variables, and frequency, percentage for categorical variables. Comparisons of true-positive vs negative and false-positive results in regard to associated demographic features were performed using an exact test for categorical variables and the two-sample rank-sum test for continuous variables. In all cases, two-tailed p values Յ 0.05 were considered statistically significant.
Results
Among 525 patients undergoing diagnostic thoracenteses, 476 patients (91%) had one or more cultures performed on their pleural fluid specimens: aerobic bacterial (n ϭ 469), anaerobic bacterial (n ϭ 335), fungal (n ϭ 277), mycobacterial (n ϭ 227), viral (n ϭ 5), actinomyces (n ϭ 3), Legionella (n ϭ 3), and mycoplasma (n ϭ 1) cultures (Table 1) .
Thirty-nine positive results occurred in 35 of these 476 patients (7.4%). These 39 positive results represented 3.0% of all 1,320 cultures that were performed (Table 2) ; however, 20 of these 39 positive results (51%) were contaminants. Thus, true pathogens were identified in only 19 of 1,320 pleural fluid cultures (1.4%), including 11 of 469 aerobic bacterial (2.3%), 4 of 335 anaerobic bacterial (1.2%), 4 of 277 fungal (1.4%), and 0 of 227 mycobacterial cultures (0%). These 19 positive results for pathogens belonged to 15 patients or 3.2% of those who had cultures performed on their pleural fluid specimens. Three patients had more than one pathogen in their culture results.
Microbiologic smears performed on these pleural fluid samples included 357 Gram stains, 109 fungal smears (potassium hydroxide), and 232 smears for acid-fast bacilli (AFB) [ Table 3 ]. Positive results were noted in 2.5%, 0%, and 0% of Gram stain, fungal, and AFB smears, respectively. These positive findings represented 1.3% of all microbiologic smears performed. Among the nine positive Gram stain results, seven also had true-positive pleural fluid findings. Of the remaining two smears, one likely represented a treated empyema and the other was a contaminant. For 13 of 15 pleural fluid cultures that were positive for pathogens, the gross appearance was described as purulent (n ϭ 5), yellow and cloudy (n ϭ 4), and bloody or blood tinged (n ϭ 4). The remaining two fluid samples were described as straw colored with no turbidity or discoloration.
The correlation of demographics and pleural fluid characteristics with culture results is shown in Table 4 . Since pleural fluid characteristics, eg, transudate vs exudate, would not be known until the fluid is analyzed, we attempted to identify factors that could be associated with true-positive results and are ascertainable at the time of fluid sampling. Eighty percent of the patients with true-positive results (95% confidence interval [CI], 52 to 96%) received antibiotics within 7 days prior to thoracentesis vs 47% (95% CI, 42 to 51%) of those with negative or false-positive results (p ϭ 0.016). Loculated pleural effusions were present in 11 of 15 patients (73%) with truepositive results (95% CI, 45 to 92%), while only 23% (95% CI, 19 to 27%) of the effusions from patients with negative or false-positive results were loculated (p Ͻ 0.001). Among the 359 patients with free-flowing effusions, only four of the cultures (1.1%) demonstrated true pathogens. Of these four positive findings, three were fungal (one each of C albicans, C immitis, and C neoformans). The remaining true-positive finding from a free-flowing effusion grew only ␤-hemolytic group A streptococcus. Data on body temperature within 24 h of thoracentesis were available for 421 of the 461 patients. Fever tended to be more common among patients with true-positive results (33%; 95% CI, 12 to 62%) than for those with negative or false-positive findings (12%; 95% CI, 9.1 to 15.2%), although the difference did not meet statistical significance (p ϭ 0.062). The median value for pleural fluid protein was not significantly different in patients with true-positive results (p ϭ 0.589), but the median LDH values was significantly higher in this group of 15 patients (p Ͻ 0.001) compared to those without pathogens. Fourteen of these 15 patients with true-positive results had their diagnostic thoracentesis performed while hospitalized, with the one remaining patient being hospitalized on the day following his thoracentesis (Table 4) .
The underlying causes of the pleural effusions, as determined by the clinicians (unless strong evidence suggested another diagnosis), are summarized in Table 5 . Sixteen percent of all effusions were believed to be of infectious origin (empyema and parapneumonic effusions) and 60% were of noninfectious causes; the cause was not known for the remaining 24%. Not surprisingly, true-positive results were more likely to be found in patients with pleural effusions associated with infections (p Ͻ 0.001). The final diagnoses for 20 patients with false-positive results included CHF/fluid overload in 5 patients, inflammatory/noninfectious in 2 patients, malignant in 4 patients, unknown in 6 patients, and parapneumonic in 3 patients. The organisms noted in these parapneumonic effusions were believed to be contaminants.
We calculated the total cost of all the cultures performed in the patients in this study to assess the economic ramifications of these tests. The total cost of the 1,320 cultures was $72,908. This translated into a cost of $3732 for every true-positive pleural fluid finding.
Discussion
The results of our study demonstrate that pleural fluid cultures are commonly ordered on pleural fluid samples, but the frequency of true-positive results is very low. Without a "gold standard" with which one can compare these results, it is difficult to calculate the sensitivity of the cultures in our analysis; however, even among the cultures that demonstrated microbial growth, the organisms were more likely to represent contaminants than true pathogens. In our study, only 49% (19 of 39) of the positive results represented true pathogens.
Recommendations regarding the use of pleural fluid cultures are not well established and are somewhat contradictory. In 1988, Sahn 6 recommended that "Gram, KOH [potassium hydroxide], and AFB stain and pleural fluid cultures should be done only when an infection is suspected with an exudative effusion." However, Light in 1999 stated, "Pleural fluid on patients with undiagnosed exudative pleural effusions should be cultured for bacteria (both aerobically and anaerobically), mycobacteria, and fungi. Routine smears for mycobacteria are not indicated because of its low yield." 7 A recent statement from the British Thoracic Society recommended that Gram stain, AFB stain, and microbiologic culture be obtained on all pleural fluid samples. 1 A review of the literature finds very few published studies assessing the yield of microbiologic cultures in pleural fluid. One exception to this lack of data is noted regarding the utility of pleural fluid smear and culture for tuberculosis. 8, 9 Valdes et al 8 reviewed the records of 254 patients with proven tuberculous pleurisy and documented a sensitivity of pleural fluid AFB smear and mycobacterial culture of 5.5% and 36.6%, respectively.
Despite the fact that bacterial and fungal smears and cultures are frequently ordered, the yield of these studies is not well established. 4, 9 Walshe and colleagues 10 reviewed 150 thoracenteses and found that 137 had fluid sent for microbiological investigation (91%). Of these 137 patients, only 5 patients (3.5%) had positive results (four bacteria, one tuberculosis). In a prospective study intended to compare different methods of culture and transport, Ferrer et al 11 found 15.5% of their pleural fluid samples were positive for microorganisms. According to the definitions they established, results were positive in 69.4% of the patients with empyema and in 33% of those with an "infectious pathology." The sensitivity of the bacterial and fungal culture findings in these studies and in our own cannot be definitively established because there is not a diagnostic "gold standard" with which to compare. Few patients undergo pleural biopsy in an attempt to identify bacterial or fungal pathogens in pleural fluid. The surgical evacuation of empyemas and parapneumonic effusions is performed for therapeutic, rather than diagnostic purposes. 12 Our study demonstrated a lower frequency of truepositive findings than did the studies of Walshe et al 10 or Ferrer et al. 11 It is unclear if this reflects differences in technique, antibiotic use, or the prevalence of effusions caused by infectious processes. Some of the variations are likely explained by differences in the study populations. Given the low positive yield of pleural fluid cultures, we tried to determine factors associated with a higher likelihood of true-positive results. Although one could argue for microbiologic studies to be performed only on exudative effusions, this is difficult to accomplish in actual practice since the exudative nature of pleural fluid cannot be accurately anticipated prior to fluid results being available.
In our analysis, the strongest predictor of a true-positive pleural fluid result was the presence of loculations in the pleural fluid (Table 4) . Loculated pleural effusion was noted in Ͻ 25% of the patients in our study. Among the remaining 359 free-flowing effusions, only 4 demonstrated growth of true pathogens, 3 of these being fungal. This observation may be useful in guiding the appropriate utilization of pleural fluid cultures. Despite being the strongest predictor in our study, loculated fluid was associated with a true-positive result in only 10% of these patients. Perhaps more useful information for clinicians is that true-positive results were found in only 1.1% of the effusions that were free flowing.
Not surprisingly, pleural fluid results were more likely to be positive among patients with effusions associated with infections (parapneumonic effusion and empyema) than for noninfectious effusions. When only the patients with effusions determined to be related to infection are considered, the frequency of true-positive results is still only 18%, lower than the rate of 33% published by Ferrer et al. 11 This suggests that the sensitivity of pleural fluid cultures is low, even for patients expected to have the highest likelihood of having an infectious cause for their pleural effusion.
The correlation of pleural fluid characteristics with culture results did not yield useful guides. Pleural fluid LDH level was significantly different between true-positive culture results and those that were negative or false-positive (p Ͻ 0.001); fluid protein, however, was not significantly different (p ϭ 0.589). The clinical significance of these data is not entirely clear. The broad range for both of these variables makes the application in individual cases problematic. In addition, these values would not be known at the time of pleural fluid sampling.
Our study is limited by several factors. First of all, being a retrospective survey, we were unable to control for several potentially confounding factors. Because of the variability in ordering practices, not all pleural effusions could be categorized as transudates or exudates. Second, many of the patients had received antibiotics in the seven days before their thoracentesis, likely decreasing the yield of the cultures. 13 Of note is the fact that a significantly higher percentage of patients in the true-positive group received antibiotics, likely reflecting an increased clinical suspicion for an infectious etiology in this group of patients. Finally, it should be noted that the patient population seen at our medical center has a low prevalence of tuberculosis.
Pleural effusions remain a common problem in medicine, and any diagnostic algorithm should be based on knowledge of the limitations of the studies involved. Based on the results of our study, we recommend that the inherent limitations of pleural fluid cultures be taken into account. While truepositive results are clinically valuable, the limitations of their sensitivity and specificity should be taken into account when interpreting positive and negative results. This is particularly true for certain patient groups. Because of the low frequency of true-positive results from patients with free-flowing effusions, obtaining pleural fluid culture specimens from these patients appears to be of limited value, unless there is a strong clinical suspicion that the effusion represents an early empyema or a fungal process. Also, because only 1 of the 119 pleural fluid cultures obtained in the outpatient setting represented a true pathogen, we would recommend that cultures not be performed in these patients unless infection is strongly suspected.
